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HITMAN HQMQLOPTTH r>F nnVTMP ^lmJRQ]f^^mOCRINE S ECRETORY P ROTEIN. NESPS5. POLYNU- 
^' " CLECmD ES AND USES THEREOF LINKED WITH OBESITY 

The present invention relates to polypeptides, polynucleotides and uses thereof in 
screening and in medicme. 



Obesity is a serious health hazard that may foe accompanied by elevated levels of 
blood cholesterol and elevated blood pressure. There is an increased risk of mor- 
tality from coronary heart disease, stroke, certain cancers and non-insulin depend- 
ent diabetes, as well as an association with several non— fatal health problems. 

Obesity is usually measured by Body Mass Index (BMI), which is obtained from a 
sijnple formula, given by: 

BMI = (mass/kg)x(height/m)--2 

BMI values in adults have been categorised accordmg to the severity of health risk, 
with the higher graded numbers associated with a more severe risk (Table 1). 
Modified versions of this scale have been derived which account for gender, and 
there are other considerations such as age and body frame (see, for example 
Black's Medical Dictionary). 



Table 1 



Grade 


BMI 


Category 


3 


>40 


Severely obese 


2 


30-40 


Obese 


1 


25-29.9 


Overwei^t 


0 


20-24.9 


Desirable weight 


Ungraded 


<20 


Underweight 



Desirable body weights for adults according to gender, height and build are given 
in Appendix 6C of Black's Medical Dictionary. 



Ischia et al (1997) J Biol Chem 272, 1 1657— 1 1662 describes the cloning of a bo- 
vine chromogranin-4ike polypeptide termed NESP55 (neuroendocrine secretory 
protein of Mol Wt 55,000). A partial sequence for mouse NESP55 is also pres- 
ented. As reviewed by Ischia et al, chromogranins are proteins found in the con- 
tent of large dense core vesicles, specialised vesicular containers found in presny- 

_i. BEST AVAILABLE COPY 
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^tic terminals which store neurotransmitters and peptides prior to exocytic 
release during synaptic transmission. Chromogranins have an acid pi of 4 to 5 and 
typically consist of 200— 700 amino acids with glutamic acid as the most abundant 
individual amino acid. Multipe pairs of consecutive basic amino acid residues, 
known as potential cleavage sites for tiypsin-like endoproteases, are present. 
Both intracellular (involvement in sorting of peptideigic components to the large 
dense core vesicles) as well as extracellular functions (representing precursors of 
small biologically active neuropeptides such as pancreastatin, vasostatin or secre- 
toneurin) have been proposed for chromogranins. 



Bovine NESP55 is proposed to be a precursor for the tetrapeptide Leur-Ser— Ala- 
Leu (LSAL), which has been identified as an endogenous antagonist of the sero- 
tonergic 5-4ITiB receptor subtype. The serotonergic system is thought to play a 
role in mental disorders^ particularly depression* A second amino acid sequence, 
GAIPIRRH, present at the C-terminus of bovine NESP55 is the same as that of a 
peptide identified in the secretory content of chromaffin granules (Sigafoos et al 
(1993) J Anat 183, 253—264). A fimction was not assigned to this peptide, and 
there has been no suggestion that either peptide is involved in obesity. 

Hayward et al (1998) Proc. Natl Acad. Sci USA 95, 15475-15480 describes tiie 
GNASl gene which appears to encode an NESP55 polypeptide; however, there 
has been no suggestion that NESP55 may be involved in obesity. 

We have identified a human homologue of the bovine NESP55 gene. Further, we 
have found that NESP55 is, at least in humans, linked witii obesity. 

A first aspect of the invention provides a polypeptide (which, for convenience, we 
generally term ''processed polypeptide'') derivable fi"om human NESP55 wherein 



-2- 
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Hie said polypeptide is derivable, or predicted from the amino acid sequence of 
human NESPS5 to be d^vable, by endoproteolytic cleavage of a polypeptide 
having the amino acid sequence 

IRLEVPKRMDRRSRAQQWRRARHNYNDLCPPIGRRAATALLWLSC S lALLRAL 
ATSNARAQQRAAAQQRRSFUMAHHRSGAQVFPESPESESDHEHEEADLELSIjP 
ECLEYEEEFDYETESETESEIESETDFETEPETAPTTEPETEPEDDRGPWPK 
HSTFGQSLTQRI.HAIiia.RSPDASPSRAPPSTQEPQSPREGEELKPEDKDPRKD 
PEESKEPKEEKQRRRCKPKKPTRRDASPES PSKKGPIPIIURH 

■ or 

MDRRSiy^QQWRRARHNYNDL^ 

QR?^QQRRSFIiNAHHRSGAQWPESPESESDHEHEEADLELSLPECLEYEEE. 
FDYETESETESEIESETDFETEPETAPTTEPETEPEDDRGPWPKHSTFGQSL 
TQRLHALKLRSPDASPSRAPPSTQEPQSPREGEELKPEDKDPRRDPEESKEPK 
EEKQRRRCKPKKPTRRDASPESPSKKGPIPIRRH 

or of a variant thereof, wherein fhe polypeptide variant has an amino acid sequence 
wMch has at least_9^^ given above. 

The polypeptide whose amino acid sequence is shown first above is considered to 
be human NESP55, although it may start at the Met residue at position 9 in tiie first 
sequence, ie may have the amino acid sequence shown second above. The said 
variant is not bovine NESP55 or mouse NESP55. 

Standard lUPAC one and three letter codes are used for amino acid sequences used 
in'the specification, and die amino acid sequences are listed N-tenninal to C-ter- 
minal as is conventional. 

The amino acid sequence of himian NESP55 is also shown in Figure 1 (hNESP55). 
The amino acid sequence of bovine NESP55 (Ischia et al (1997) is also shown in 
Figure 1 for comparison. 
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By "variants" of the polypeptide we include insertions, deletions and substitu- 
tions, either conservative or non-conservative. In particular we include variants 
of the polypeptide where such changes do not substantially alter the activity of the 
said polypeptide. Variants of human NESP55 do not include polypeptides which 
have the amino acid sequence of bovine or mouse NESP55. 

Variants (whether naturally-occiirring or otherwise) may be made using the 
methods of protein engineering and site-directed mutagenesis well known in the 
art using the recombinant polynucleotides described below. 

By "conservative substitutions'' is intended combinations such as Gly, Ala; Val, 
He, Leu; Asp, Glu; Asn, Gin; Ser, Thr, Lys, Arg; and Phe, Tyr. 

It is particularly preferred if the polypeptide variant has an amino acid sequence 
which has at least 90% identity with the amino acid sequence given above, more 
preferably at least 92%, still more preferably at least 95%, yet more preferably at 
least 96%, and most preferably at least 98% or 99% identity with the amino acid 
sequence given above. 

The percent sequence identity between two polypeptides may be determined using 
suitable computer programs, for example the GAP program of the University of 
Wisconsin Genetic Computing Group and it will be appreciated that percent ident* 
" ity is calo^ whose secpences"M^ beefi alipie^ 

optimally. 

The alignment may alternatively be carried out using the Clustal W program 
(Thon^son, J.D., Higgins, D.G- and Gibson, TJ. (1994), Chistal-W— improving 
the sensitivity of progressive multiple sequence alignment through sequence 
weighting, position specific gap penalties and weight matrix choice. Nuc. Acid 
Res. 22, 4673-4680). 

The parameters used may be as follows: 

Fast pairwise alignment parameters: K-tuple(word) size; 1, window size; 5, gap 
penalty; 3, number of top diagonals; 5. Scoring method: x percent. 

Multiple alignment parameters: gap open penalty; 10, gap extension penalty; 0.05 . 
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Scoring matrix: BLOSUM. 

It is particularly preferred, although not essential, that the variant (or fragment, de- 
rivative or fusion or the fusion of the variant, fragment or derivative, as discussed 
below) of the said polypeptide comprises the amino acid sequence LHAL and^or 
the amino acid sequence GPIPIRRH. It is more preferred tiiat the variant (or frag- 
ment, derivative or fusion, or fusion of the variant, firagment or derivative) has at 
least one sequence of two or more consecutive basic amino acid residues at a posi- 
tion equivalent to two ormore consecutive basic amino acidresidues present in the 
amino acid sequence of fidl length himian NESP55: Such two ormore consecutive 
basic amino acid residues are present at positions 11—12, 19-20, 34—35, 69-70, 
22S~227, 231-232, 235-236, 245-246 and 252-253 of fiiU length human 
NESP55 as shown in Figure I'and above. 

By "residue equivalent to" a particular residue, for example the residue Lys245 of 
fiilMength human NESP55, is included the meaning that the amino acid residue 
occupies a position in the native two or three dimensional structure of a poly- 
peptide corresponding to the position occupied by the said particular residue, for 
example Lys245, in the native two or three dimensional structure of fiilMength 
human NESP55. 

The residue equivalent to a particular residue, for example Lys245 of fulMength 
hu man NESP55, may be identified by alignment of the sequence of the poly- 
peptide with that of fulMength human NESP55 in such a way as to maximise the 
match between the sequences. The alignment may be carried out by visual inspec- 
tion and/or by tiie use of suitable computer programs, for example the GAP pro- 
gram of tiie University of A\^sconsin Genetic Computing Groi^, which will also 
allow, the percent identity of the polypeptides to be calculated, or using the Align 
program (Pearson (1994) in: Methods in Molecular Biology, Computer Analysis 
of Sequence Data, Part II (Griffin, AM and Griffin, HG eds) pp 365-389, Humana 
Press, Clifton). Thus, residues identified in this manner are also "equivalent resi- 
dues". 

It will be appreciated that in the case of truncated forms of human NESP55 or 
in forms where simple replacements of amino acids have occurred it is facile to 
identify the "equivalent residue". 

The said endoproteolytic cleavage or cleavages may be a cleavage or cleavages 
fliat may be perfomed by a trypsin-4ike or subtilisin-4ike endoprotease. Thus, ( 1 ) 
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the N-tenninal amino acid of the processed polypeptide may be immediately pre- 
ceded (in the sequence of himian NESP55) by a cleavage site for a trypsin-4ike or 
subtilisin-like endoprotease, for example a prohormone convertase or endopro- 
tease and/or (2) the C— terminus of the processed polypeptide may immediately 
precede (in the sequence of himian NESP55) a cleavage site for a trypsin-4ike or 
subtilisin-4ike endoprotease, for example a prohormone convertase or endopro- 
tease. 

Examples of trypsin-like or subtilisin-4ike endoproteases include titie prohormone 
convertases PC 1 , PC2 and fiirin (see, for example Christie etal (1991) Identifica- 
tion of kex2-related proteases in chromaffin granules by partial amino acid se- 
quence analysis. JBiolChem266, 15679-15683; Eggerc/a/(1993) Different de- 
grees of processing of secretogranin II in large dense- core vesicles of bovine 
adrenal medulla and symathetic axons correlate witii their content of soluble PC 1 
and PC2. Neurosci Lett 159, 199-201; Kirchmair et al (1992) Differential sub- 
cellular distribution of PCI, PC2 and furin in bovine adrenal medulla and secre- 
tion of PCI and PC2 firom this Neurosci Lett 143, 143—154; references in 
Lovisetti-^camihom et al (1999) Brain Res 829, 99-106; references in Lovisettt- 
Scamihom et al (1999) Reg Peptides 79, 63-67). Furin (also known as PACE; 
paired basic amino acid cleaving enzyme; Wise et al (1990) PNAS%1^ 9378-9382 
and Fuller et al (1989) Science 246, 482-^86) is related to Kex2, a subtilisin-4ike 
protease fi-om yeast that cleaves prepro-killer toxin and prcpro-a— factor at the 
pakedamn 

may cleave after a single basic amino acid. 

The N-tenninal amino acid residue of the said processed polypeptide may be im- 
mediately preceded in tiie amino acid sequence of human NESP55 by two con- 
secutive basic amino acid residues (ie a pair of basic amino acids) or by a basic 
amino acid residue. Basic amino acids inchide lysine, aiginine and histidine. It is 
preferred diat a said basic amino acid residue is not a histidine residue. Similarly, 
the C— terminus of the said processed polypeptide may be immediately preceded 
by two consecutive basic amino acid residues or by a basic amino acid residue. 

Polypeptides which are considered to be examples of said processed polypeptides 
include a polypeptide consisting of the amino acid sequence LHAL and a poly- 
peptide consisting of the amino acid sequence GPIPIRRH. 

A further preferred processed polypeptide may have the N— terminal sequence 
SFLN, corresponding to amino acids 7 1 to 74 of the amino acid sequence ofhuman 
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NESP55, as shown in Figure 1 , or amino acids 64 to 67 of the amino acid sequence 
of human NESP55 shown in Hayward etal(\ 998). The said polypeptide may not 
comprise the amino acid sequence, for example the C^erminal amino acid se- 
quence, GPIPIRRH. The polypeptide may have the CH:eraunal sequence PSKK, 
corresponding to amino acids 243 to 246 of the amino acid sequence of human 
NESP55, as shown in Figure 1, or amino acids 234 to 237 of the amino acid se- 
quence of human NESP55 shown in Hayward et al (1998). 

A finther preferred processed polypeptide may have the C-terminal sequence 
PSKK, corresponding to amino acids 243 to 246 of the amino acid sequence of 
hiunan NESP55, as shown in Figure 1 , or amino acids 234 to 237 of the amino acid 
sequence of human NESP55 shown in Hayward et al (1998)^ The polypeptide 
may have the N-4erminal sequence of human NESP55- This may be the N-ter- 
, minal sequence of human NESP55 as translated from the most 5N in frame me- 
thionine codon (ie MDRR) or theN-4ermihal sequence of human NESP55 follow- 
uig removal of the signal sequence (ie ATAL), y^ch consist of the first 36 amino 
acids of the sequence of human NESPS5 shown in Figure 1 (or above) or die first 
28 amino acids of tiie sequence ofhimianNESPSS showninHaywa]:de/a/(1998). 

A said processed polypeptide, for example GPDPIRRH, may be useful, for 
example as a neuropeptide or as a ligand for a neuropeptide receptor or as a means 
for identifying a neuropeptide receptor. A further said processed polypeptide 
" LHAL may be useful^for example as a 5-HT ig receptor antagonist or for identify- " 
ing a 5--HTiB receptor antagonist or agonist. A said processed polypeptide or 
himian NESP55 may be useful in medicine, for example in the treatment or pro- 
phylaxis of obesity, or in the identification or preparation of a compound that may 
be useful in medicine, for example in the treatment or prophylaxis of obesity. 
These aspects of the invention are discussed more fully below. 

It will be appreciated that although the processed polypeptides may be derived 
from human NESP55 by proteolytic processing as described above, it will gen- 
erally be more convenient to derive the desired sequence intellectually and/or 
empirically from the human NESP55 amino acid sequence, and to then synthesise 
the peptide. 

Peptides may be synthesised by the Fmoc-polyamide mode of solid-phase pep- 
tide synthesis as disclosed by Iji et al i\9%\) J. Org. Chem. 46, 3433 and refer- 
ences therein. Temporary N-amino group protection is afforded by the 9-fluor- 
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enylmethyloxycaibonyl (Fmoc) group. Repetitive cleavage of this highly 
base-iabile protecting group is effected using 20% piperidine in N,N-dimethyl- 
formamide. Side-chain functionalities may be protected as their butyl ethers (in 
the case of serine threonine and tyrosine), butyl esters (in the case of glutamic acid 
and aspartic acid), butyloxycarbonyl derivative (in the case of lysine and 
histidine), trityl derivative (in the case of cysteine) and 4-^nethoxy—2,3,6~trime- 
thylbenzenesulphonyl derivative (in the case of arginine). Where glutamine or as- 
paragine are G-terminal residues, use is made of the 4,4'— dimethoxybenzhydryl 
group for protection of the side chain amido functionalities. The solid-phase sup- 
port is based on a polydimethyl-acrylamide polymer constituted from the three 
monomers dimetiiylacrylamide (backbone-monomer), bisacryloylethylene 
diaminfif (cross linker) and acryloylsaicosine methyl ester (fimctionalising agent). 
The peptide-to-^esin clestyable linked:^gent usedtis tHie acid-4abile 4— hydroxy- 
methyl-phenoxyacetic acid derivative. All amino acid derivatives are added as 
their preformed symmetrical anhydride derivatives with the exception of aspara- 
gine and glutamine, which are added using a reversed N,N-Klicyclohexyl-cari:>o- 
diimide/l-hydroxyfoenzotriazole mediated coupling procedure. All coupling and 
deprotection reactions are monitored using ninhydrin, trinitrobaizene sulphonic 
acid or isotin test procedures. Upon completion of syndesis, peptides are cleaved 
from the resin support witii concomitant removal of side--chain protecting groups 
by treatment with 95% trifluoroacetic acid containing a 50% scavenger mix. 
Scavengers commonly used are ethanedithiol, phenol, anisole and water, the exact 
chpiTOd^^ 

Trifluoroacetic acid is removed by evaporation in vacuo, with subsequent tritura- 
tion with diethyl ether affording the cmde peptide. Any scavengers present are 
removed by a simple extraction procedure i^ch on lyophilisation of the aqueous 
phase affords the crude p^tide free of scavenges. Reagents for peptide synthesis 
are generally available firom Calbiochem-^ovabiochem (UK) Ltd, Nottingham 
NG7 2QJ, UK. Purification may be effected by any one, or a combination of, tech- 
niques such as size exclusion chromatography, ion-exchange chromatogr£q)hy 
and (prindpaUy)reverse-^hase high performance Uquid chromatography. Analy- 
sis of peptides may be carried out using thin layer chromatography, reverse-phase 
high perfomiance liquid chromatography, amino-acid analysis after acid hydroly- 
sis and by fast atom bombardment (FAB) mass spectrometric analysis. 

It will be appreciated that the processed peptides of the invention may be com- 
prised within a further sequence such that the flanking sequences may or may not 
be the flanking sequences in human NESP55. For example, a further aspect of the 
invention provides a polypeptide containing tiie sequence LHAL whether or not 
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the flanking sequences are those flanking LHAL in native human NESP55. A still 
further aspect of the invention provides a polypeptide containing the sequence 
GPIPIRRH whether or not the flanking sequences are those flanking GPIPIRRH 
in native human NESP55. 

The polypeptides of these aspects of the invention typically consist of the amino 
acid sequence XnLHALZm , or XnGPIPIRRHZni wherein Xq represents the amino 
acid sequence of the consecutive n amino acids immediately N terminal to the 
amino acid sequence LHAL or GPIPIRRH and wherein Zm represents the amino 
acid sequence of the consecutive m amino acids immediately C terminal to the 
amino acid sequence LHAL or GPIPIRRH, wherein n and m may independently 

. be any number between 0 and 1, 5, 10, 15, 20, 25 and 30 amino acids, preferably 
between 0 and 20, still more preferably between 0 and 10 amino acids. It is pre- 
ferred that the amino acid sequences Xn andZm are those found immediately N and 
C terminal, re^ecdvely, to the amino acid sequence LHAL or GPIPIRRH in na- 
tive human NESP55. It is preferred that the amino acids are L-^amino acids, in 
particular it is preferred that the LHAL or GPIPIRRH motifs consist of Lr-amino 
acid residues. It is preferred that the amino acid residues immediately flanking 
(such as diose within 10 to 20 residues) of the motif are Lr-amino acids residues, 
but that ihey may be D— amino acid residues. It will be appreciated that similar 
peptides are included in the invention in which the core motif (such as the LHAL. 
and the GPIPIRRH, as described above), is another p^tide which is derivable by 

...processing oOiV!inan_M£SP55_as de^^ 

A further aspect of the invention provides a polypeptide variant, fiagment, deriva- 
tive or fusion of a polypeptide having the amino acid sequence 

IRLEVPKRMDRRSRAQQWRRAiaiNYiroLCPPIGRRAATALL?^ 
ATSNARAQQRZy^QQRRSFLNAHHRSGAQWPESPE 

ECLEYEEEFDYETESETESEIESETDFETEPETAPTTEPETEPEDDRGPWPK 
HSTFGQSLTQRLHALKLRSPDASPSRAPPSTQEPQSPREGEELKPEDKDPRRD 
PEESKEPKEEKQRRRCKPKKPTRRDASPESPSKKGPIPIRRH 

or a flision of a said variant or fragment or derivative, wherein the polypeptide 
variant has an amino acid sequence which has at least 90% identity with the amino 
acid sequence given above and wherein the said polypeptide variant, derivative, 
fragment or fusion does not have the amino acid sequence 



-9- 



wo 01/07617 



PCT/EPOO/06921 



MDRRSRAQQWimARHNYNDLCPPIGRRAATALLXVLSCSIALLI^^ 
QIUU^QQRRSFIiNAHHRSGAQVFPESPESESDHEHEEADLELSLPECLEYEEE 
FDYETESETESEIESETDFETEPETAPTTEPETEPEDDRGPVVPKHSTFGQSL 
TQRLHAIiKLRSPDASPSRAPPSTQEPQSPREGEELKPEDKDPRDPEESKEPKE 
EKQRRRCKPKKPTRRDASPESPSKKGPIPIRRH . 

Preferences and excliisions in relation to variants are as disciissed above in relation 
to the first aspect of the invention. 

By "firagment of said poljrpeptide" we include any fragment which retains activity 
or which is useful in some other way, for example, for use in raising antibodies or 
in a binding or other assay, or which fragment may have other functions as de- 
scribed in more detail below. Preferred fragments of human NESP55 are dis- 
cussed further below; 

By ^'fusion of said polypeptide^ we include said polypeptide fused to any other 
polypeptide- For example, the said polypeptide may be fused to a polypeptide 
such as glutathione-S-transferase (GST) or protein A in order to facilitate puri- 
fication of said polypeptide. Examples of such fusions are well known to those 
skilled in the art. Similarly, the said polypeptide may be fused to an oligo^sti- 
dine tag such as His6 or to an epitope recognised by an antibody such as the well 
known Myc tag epitope. Fusions to any variant, fragment or derivative of said 
~polyp^Bde£^ It will be appreciated 

fhat fusions which retain desirable properties, such as binding properties, an abil- 
ity to becleaved by suitableproteases, and other biological functions, ofhNESP55 
are particularly preferred. It is also particularly preferred if the fusions are one 
which arc suitable for use in Ihc screening assays described later. 

It will be appreciated that before the present invention, the requirement for rela- 
tively large amoimts of hNESPSS or for variants or fiiagments or fusions or deriva- 
tives thereof had not been appreciated in the art since the involvement of NESP55 
in obesity was not known. In particular it was not appreciated that hNESP55 and 
variants and fusions thereof would be usefid in screening methods for dmgs and 
dmg-4ike compounds. 

A particular embodiment of the invention provides a substantially pure human 
NESP55 polypeptide which consists of a naturally occurring allelic variant of the 
amino acid sequence 
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IRIiEVPKRMDRRSRAQQWRRARHNYNDLC PPIGRRAATALLWL SC S lALLRAL 

ATSNARAQQRAAAQQRRSFLNAHHRSGAQWPESPESESDHEHEEADLELSL 

ECLEYEEEFDYETESETESEIESETDFETEPETAPTTEPETEPEDDRGPWPK 

HSTFGQSLTQRLHALKLRSPDASPSRAPPSTQEPQSPREGEELKPEDKDPRRD 

PEESKEPKEEKQRRRCKPKKPTRRDASPESPSKKGPIPIRRH. 

By ''substantially pure" we mean that the said polypeptide is substantially free of 
other proteins. Thus, we include any composition that includes at least 30% of the 
protein content by weight as the said polypeptide, preferably at least 50%, more 
preferably at least 70%, still more preferably^at least 90% and most preferably at 
least 95% of the protein content is the said polyp^tide. 

Thus, ttie invention also includes compositions comprising the said polypeptide 
and a contaminant wherein the contaminant comprises less than 70% of the com- 
position by weight, preferably less than 50% of the composition, more preferably 
less than 30% of the composition, still more preferably less than 10% of the com- 
position and most preferably less than 5% of the composition by weight. 

The invention also includes the substantially pure said polypeptide when com- 
bined with other components ex v/vo, said other components not being all of the 
wmponents fo und in tiie cell in wUch_said polypeptide is foimd. As is described 
below, the polypeptides of the invention can be produced using recombinant DNA 
technology. 

A further aspect of the invention provides a recombinant polynucleotide encoding 
a polypeptide as defined in tiie first or second aspect of the invention, which term 
includes a variant or fragment (which term it will be appreciated includes a pro- 
cessed polypeptide as defined above, as well as the polypeptides described above 
which have a processed polypeptide as the core motif and flanking regions as de- 
scribed above) or derivative or fusion, or a fusion of a said variant or fragment or 
derivative, as discussed above). Preferences and exclusions for the said polynu- 
cleotide variant are preferences for, and exclusions of, polynucleotides which en- 
code the same polypeptides as in the first and second aspect of the invention, ex- 
cept that the following Expressed Sequence Tag (EST) is also excluded: IMAGE 
clone 746837; and the sequence given in GenBank entry accession number 
AJ009849 (Hayward et al (1998) PNAS 95, 15475^15480). 
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A further aspect of the invention provides a recombinant polynucleotide suitable 
for expressing a polypeptide as defined in the first or second aspect of the inven- 
tion (including suitable for expressing a variant or fragment or derivative of 
fusion, or a fusion of a said variant or fragment or derivative, as discxissed above). 
Preferences and exclusions for the said polynucleotide variant are preference for, 
and exclusions of, polynucleotides which encode the same polypeptides as in the 
first and second aspect of the invention and in relation to the processed polypep- 
tides of the invention. 

By "suitable for expressing" is meant that the polynucleotide is a polynucleotide 
that may be translated to form the polypeptide, for example RNA, or that the 
polynucleotide (which is preferably DNA) encodingthe polypeptide of the inven- 
tion is inserted into an expression vector, such as a plasmid, in proper orientation 
and correct reading frame for expression. The polynuclieotide may be linked to the 
appropriate transcriptional and translational regulatory control nucleotide se- 
quences recognised by any desired host; such controls may be incorporated in the 
expression vector- 
It is not considered that the EST and polynucleotide sequence identified above are 
polynucleotides as defined above; however, for the avoidance of doubt, ttxc EST 
and polynucleotide sequence excluded above are further excluded from this aspect 
of the invention. 



A further aspect of the invention is a replicable vector suitable for expressing a 
polypeptide as defined in the first aspect of the invention or suitable for expressing 
a variant or fragment or derivative of fusion of said polypeptide or a fusion of a said 
variant or fragment or derivative. Preferences and exclusions for die said polynu- 
cleotide variant are preferences for, and exclusions of, polynucleotides which en* 
code the same polypeptides as in the first and second aspects of the invention. For 
example, the replicable vector may be suitable for expressing a fusion of the poly- 
peptide as defined in the first or second aspect of the invention, in particular a GST 
fusion. 

It will be appreciated that a variant or fusion that comprises substantially all of the 
sequence shown above (ie a variant or fusion of substantially fulWength human 
NESP55) may be particularly useful. By ''substantially air* is meant at least 80%, 
preferably 90%, still more preferably 95%, 98% or 100% (ie all) of the said se- 
quence. By "substantially full-length" is meant comprising at least 80%, prefera- 
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bly 90%, stai more preferably 95%, 98% or 100% (ie all) of the sequence of the fall 
length polypeptide (or a variant thereof). 



A further aspect of the invention is a polynucleotide encoding a fasion of the poly- 
peptide as defined in the first or second aspect of the invention, or a fasion of a 
variant or fragment or derivative, in particular a GST fasion. A still farther aspect 
is a vector suitable for replication in a eukaiyotic, preferably mammalian, cell, 
comprising a polynucleotide encoding the polypeptide as defined in the first or 
second a^>ect of the invention, or a variant or fiagm^t or derivative ora fasion, or 
a fasion of a variant or fragment or derivative, in particular a GST fiision. The fbl- 
> lowing ESTs clones may be vectors vduch may be suitable for replication in a 
mammalian/eukaryotic cell and are excluded from this aspect of the invention: 
" ' AA389168; AA678670. It is not considered that any other of the ESTs excluded 

from other aspects of the invention are vectors as defined above; however, it will 
be appreciated that any other of the ESTs clones that may be such a vector are also 
excluded. 

Chanu:teristics of vectors suitable for replication in mammalian/eukaryotic cells 
are well known to those skilled in the art. It will be appreciated that a vector may be 
suitable for replication in both prokaryotic and eukaiyotic cells. 

„ „ In one preferred embodiment the polynucleotide comprises the nucleotide se- 

quence: 

(i^^ GAATTCGGCTCGAGGTGCCTAAGAGGATGGATCGGAGGTCCCGGGCTCAGCAGTGGCGCC 
GAGCTCGCCATAATTACAACGACCTGTGCCCGCCCATAGGCCGCCGGGCAGCCA 
TCCTCTGGCTCTCCTGCTCCATCGCGCTCCTCCGCGCCCTTGCCACCTCCi^ACGC^ 
CCCAGCAGCGCGCGGCTGCCCAACAGCGCCGGAGCTTCCTTAACGCCCACCACCGCTCCG 
GCGCCCAGGTATTCCCTGAGTCCCCCGAATCGGAATCTGACCACGAGCACGAGGAGTC 
ACCTTGAGCTGTCCCTCCCCGAGTGCCTAGAGTACGAGGAAGAGTTCGACTACGAGACCG 
AGAGCGAGACCGAGTCCGAAATCGAGTCCGAGACCGACTTCGAGACCGAGCCTGAGACCG 
CCCCCACCACTGAGCCCGAGACCGAGCCTGAAGACGATCGCGGCCCGGTGGTGCCCAAGC 
ACTCCACCTTCGGCCAGTCCCTCACCCJ^GCGTCTGCACGCTCTCAAGTTG^ 
ACGCCTCCCCAAGTCGCGCGCCGCCCAGCACTCAGGAGCCCCAGAGCCCCAGGG 
AGGAGCTCAAGCCCGAGGAC^U^GATCCAAGGGACCCCGAAGAGTCGAAGGA^ 
AGGAGAAGCAGCGGCGTCGCTGCAAGCCAAAGAAGCCCACCCGCCGTGACGCGTCC^ 
AGTCCCCTTCCAAAAAGGGACCCATCCCCATCCGGCGTCACTAATGGAGGACGCCGTCCA 
GATTCTCCTTGTTTTCATGGATTCAGGTGCTGGAGAATCTGGTAAAAGCACCATTGTC 
GCAGATGAGGATCCTGCATCTTAATGGGTTTAATGGAGAGGGCGGCGAAGAGGACCCG^ 
GGCTGCAAGGAGCAACAGCGATGGTGAGAAGGCAACCAAAGTGCAGG^ 
CCTGAAAGAGGCGATTGAAACCATTGTGGCCGCCATGAGCAACCTGGTGCCCCCCGTGGA 
GCTGGCCAACCCCGAGAACCAGOTCAGAGTGGACTACATTCTGAGTGTGATGAA^ 
TGACTTTGACTTCCCTCCCGAATTCTATGAGCATGCCAAGGCTCTGTGGG^ 
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AGTGCGTGCCTGCTACGAACGCTCCAACGAGTACCAGCTGATTGACTGTGCCCAGTACTT 

CCTC- ' ACAAGATCGACGTGATCAAGCAGGCTGACTATGTGCCGAGCGATC^ 

TCG 3CCGTGTCCTGACTTCTGGAATCTTTGAGACCAAGTTCCAGGTGG^ 

CTT.. ACATGTTTGACGTGGGTGGCCAGCGCGATGAACGCCGCAAGTGGATCCAGT^ 

CAACGATGTGACTGCCATCATCTTCGTGGTGGCCAGCAGCAGCTACAACATGGTC^ 

GGAGGACAACCAGACCAACCGCCTGCAGGAGGCTCTGAACCTCTTCAAGAGCATCTGG^ 

CAACAGATGGCTGCGCACCATCTCTGTGATCCTGTTCCTCAA 

TGAGAAAGTCCTTGCTGGGAAATCGAAGATTGAGGACTACTTTCCAGAATTTGCTC 

CACTACTCCTGAGGATGCTACTCCCGAGCCCGGAGAGGACCCACGCGTGACCCGGGCCAA 

GTACTTCATTCGAGATGAGTTTCTGAGGATCAGCACTGCCAGTGGAGATGGGC 

CTGCTACCCTCATTTCACCTGCGCTGTGGACACTGAGAACATCCGCCGTC 

CTGCCGTGACATCATTCAGCGCATGCACCTTCGTCAGTACGAGCTGCTCTi^ 

CCCCCAAATTTAATTAAAGCCTTAAGCACAATTTUVTTAAAAGTGAAACGTi^ 

GCAGTTAATCACCCACCATAGGGCATGATTAACAAAGCAACCTTTCCCTTCCCCC 

ATTTTGCGAAACCCCCTTTTCCCTTCAGCTTGCTTAGATGTTCCAAAT^ 

AGGCGGCCTACAGAAAAAGGAAAAAAGGCCACAAAAGTTCCCTCTCACTTT^ 

TAAATAAAACAGCAGCAGCAAACAAATAAAATGAAATAAAAGAAACTLAATG^ 

TTGTGTTGTGCAGCATTAAAAAAAATCAAAATAAAAATTAAATGTGAGCAAAAA^^ 

AAAAAGGGCGGCCGC ' 

or a variant, fragment, fusion or derivative thereof. The nucleotide sequence en- 
coding human NESP55 is shown in Figure 2. 

A full length human NESP55 poljrpeptide sequence may be as follows and as 
given in GenBank entry accession number AJ009849 (Hayward etalQl 998) PNAS 
95, 15475-15480): 

MDRRSRAQQWRRARHimroiiCPPIGRIUU^TALLWLSCSIALLRAI^ 

FDYETESETESEIESETDFETEPETAPTTEPETEPEaDDRGPWPKHSTFGQSL 
TQRLHALKLRSPDASPSRAPPSTQEPQSPREGEELKPEDKDPRDPEESIGBPKE 
EKQRRRCKPKKPTRRDASPESPSKKGPIPIRRH 

A full length human NESP55 genomic nucleotide sequence is shown in Hayward 
et al (1998) and in GenBank accession number AJ009849. A full length mouse 
NESP55 polypeptide sequence is also given in Hayward et al (1998) and poly- 
peptide and cDNA nucleotide sequences are given in GenBank accession number 
AJ010163. 

It will be appreciated that an expressed sequence tag (EST) clone is not a recombi- 
nant polynucleotide as defined above as it lacks sequences necessary for the 
translation and therefore expression of the expressed sequence tag. EST se- 
quences may be cloned in the vector Uni-ZAP XR, pT7T3D-Pac, pBluescript 
SK~ Lafinid B A or pCMV-SPORT2 vector. 
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A polynucleotide comprising a firagment of the recombinant polynucleotide en- 
coding a polypeptide of the invention or a variant, fiagment, fusion or derivative 
may also be useful Preferably, the polynucleotide conq>rises a fragment which is 
at least 10 nucleotides in length, more preferably at least 14 nucleotides in length 
and still more preferably at least 18 nucleotides in length. Such polynucleotides 
are useful as PCR primers. A polynucleotide complementary to the polynucleo- 
tide (or a firagment thereof) encoding a polypeptide of the invention or a variant, 
fi:agment, fusion or derivative may also be useful. Such complementary polynu- 
cleotides are well known to those skilled in the art as antisense polynucleotides. 

The polynucleotide or recombinant polymicleotide of the invention may be DNA 
or RNA, preferably DNA. The polynucleotide may or may not contain introns in 
the coding sequence; preferably the polynucleotide is a cDNA. 

A * Variation" of the polynucleotide includes one which is (i) usable to produce a 
protein or a fiagment thereof which is in turn usable , for example a processed poly- 
peptide as described above, or to prepare antibodies which specifically bind to die 
protein encoded by the said polynucleotide or (ii) an antisense sequence corre- 
sponding to the gene or to a variation of type (i) as just defined. For example, dif- 
ferent codons can be substituted which code for the same amino acid(s) as the orig- 
inal codons. Alternatively, the substitute codons may code for a different amino 
acid that will not affect the activity or immunogenicity of the protein or which may 
improve or o&^ site- 
directed mutagenesis or other techniques can be employed to create single or mul- 
tiple mutations, such as replacements, insertions, deletions, and transpositions, as 
described in Botstein and Shorde, "Strategies and .^iplications of In Vitro Mu- 
tagenesis'' Science^ 229: 193—210 (1985), ^\^ch is incorporated herein by refer- 
ence. Since such modified polynucleotides can be obtained by the s^lication of 
known techniques to the teachings confined herein, such modified polynucleo- 
tides are within the scope of the claimed invention. 

Moreover, it will be recognised by those skilled in the ait that die polynucleotide 
sequence (or fragments thereof) encoding a polypeptide of the invention can be 
used to obtain other polynucleotide sequences that hybridise with it under condi- 
tions of high stringency. Such polynucleotides includes any genomic DNA. 
Accordingly, the polynucleotide of the invention includes polynucleotide that 
shows at least 80%, preferably 85%, and more preferably at least 90% and most 
preferably at least 95% homology with the polynucleotide encoding hmnan 
NESP55 identified herein, provided that such homologous polynucleotide en- 
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codes a polypeptide which is usable in at least some of the methods described 
below or is otherwise usefiil. It will be appreciated that a polynucleotide encoding 
bovine NESP55, mouse NESP55 or the sequence indicated in Hayward et al 
(1998) as encodmg human NESP55 is not a polynucleotide of the invention. 

Per cent homology can be determined by, for example, the GAP program of the 
University of V^sconsin Genetic Computer Groiq). 

DNA-4>NA, DNA-KNA and RNA-RNA hybridisation may be perfomied in 
aqueous solution containing between 0. IXSSC and 6XSSC and at temperatures of 
between 55^C and 70®C. It is well known in the |ut that the hi^er the temperature 
» or die lower the SSC concentration tiie more stringent the hybridisation condi- 
tions. By "higji stringency** we mean 2XSSC and 65«*C. IXSSC is 0.15M 
NaCl/0.0 1 5M sodium citrate. Polynucleotides which hybridise at high stringency 
are included widiin the scope of the claimed invention. 

'^Variations" of the polynucleotide also include polynucleotide in which relatively 
short stretches (for example 20 to 50 nucleotides) have a high degree of homology 
(at least 80% and prefCTably at least 90 or 95%) with equivalent stretches of the 
polynucleotide of the invention even though Ae overaU homology between the 
two polynucleotides may be much less. This is because important active or bind- 
ing sites may be shared even when the general architecture of the protein is differ- 
ent. 



A variety of methods have been developed to operably link polynucleotides, es- 
pecially DNA, to vectors for example via complementary cohesive termini. Suit- 
able me&ods are described in Sambrook et a/(1989) Molecular Cloning, A Lab- 
oratory Manual, Cold Spring Harbor Laboratory, Cold Spring Harbor, NY. 

A desirable way to modify the DNA encoding a polypq)tide of the invention is to 
use the polymerase chain reaction as disclosed by Saiki et al (1988) Science 239, 
487--491. This method may be used for introducing the DNA into a suitable 
vector, for example by engineering in suitable restriction sites, or it may be used to 
modify the DNA in other useful ways as is known in the art. 

In diis method the DNA to be enzymatically amplified is flanked by two specific 
primers which themselves become incorporated into the amplified DNA. The said 
specific primers may contain restriction endonuciease recognition sites which can 
be used for cloning into expression vectors using methods known in the art. 
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The DNA (or in the case of retroviral vectors, RNA) is then expressed in a suitable 
host to produce a polypeptide comprising the compound of the invention. Thus, 
the DNA encoding the polypeptide constituting the compound of the invention 
may be used in accordance with known techniques, appropriately modified in 
view of the teachings contained herein, to construct an expression vector, which is 
then used to transform an appropriate host cell for the expression and production 
of Ae polypeptide of the invention* Such techniques include those disclosed in US 
Patent Nos, 4,440,859 issuedS April 1984 toRutter a/, 4,530,901 issued23 July 
1985 to Weissman, 4,582,800 issued 15 April 1986 to Crowl, 4,677,063 issued 30 
June 1987 to Mark et al, 4,678,751 issued 7 July 1987 to Goeddel, 4,704,362 is- 
sued 3 November 1987 to Itakura et a/, 4,710,463 issued 1 December 1987 to 
Murray, 4,757,006 issued 12 Jidy 1988 to Toole, Jr. etaU 4,766,075 issued 23 Au- 
gust 1988 to Goeddei et a/and 4,810,648 issued 7 Riairch 1989 to Stalker, all of 
which are incorpoirated herein by reference. 

The DNA (or in the case of retroviral vectors, RNA) encoding the polypeptide 
constituting the compound of the invention may be joined to a wide variety of 
other DNA sequences for introduction into an appropriate host. The companion 
DNA will depend upon the nature of the host, the manner of the introduction of the 
DNA into the host, and whether episomal maintenance or iiitegration is desired. 

Generally, the DNA is inserted into an expression vector, such as a plasmid, in 
proper orientation and correct reading fiame for e^^ necessary, the 

DNA may be linked to the appropriate transcriptional and translational regulatory 
control nucleotide sequences recognised by the desired host, although such 
controls are generally available in the expression vector The vector is then intro- 
duced into the host through standard techniques. GeneraUy, not all of the hosts will 
be transformed by the vector. Therefore, it will be necessary to select for trans- 
formed host cells. One selection technique involves incorporating into the ex- 
pression vector a DNA sequence, with any necessary control elements, that codes 
for a selectable trait in the transfomied cell, such as antibiotic resistance. Alterna- 
tively, the gene for such selectable trait can be on another vector, which is used to 
co-^ransfoim the desired host cell. 

Host cells that have been transformed by the recombinant DNA of the invention 
are then cultured for a sufficient time and under appropriate conditions known to 
those skilled in the art in view of the teachings disclosed herein to permit the ex- 
pression of the polypeptide, which can then be recovered. 
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Many expression systems are known, including bacteria (for example E. coli and 
Bacillus subtilis\ yeasts (for example Saccharomyces cerevisiae\ filamentous 
fungi (for example Aspergillus), plant cells, animal cells and insect cells. 

The vectors include a prokaryotic replicon, such as the ColE 1 ori, for propagation 
in a prokaryote, even if the vector is to be used for expression in other, non-proka- 
lyotic, cell types. The vectors can also include an appropriate promoter such as a 
prokaryotic promoter enable of directing the expression (transcription and 
translation) of the genes in a bacterial host cell, such as E. colU transformed here- 
with. 

A promoter is an e3q>ressi9n control element formed by a DNA sequence tiiat per- 
mits binding of RNA polymerase and transcription to occur. Promoter sequences 
compatible with exemplary bacterial hosts are typically provided in plasmid 
vectors containing convenient restriction sites for insertion of a DNA segment of 
the present invention. 

Typical prokaryotic vector plasmids are pUC18, pUC19, pBR322 and pBR329 
available from Biorad Laboratories, (Richmond, CA, USA) and pTrc99A and 
pKK223— 3 available from Pharmacia, Piscataway, NJ, US A. 

A typical mammalian cell vector plasmid is pSVL available from Pharmacia, Pis- 

cloned genes, the highest level of expression being found in T antigen-^producing 
cells, such as COS— 1 cells. 

An example of an inducible mammalian expression vector is pM SG, also avail- 
able from Pharmacia. This vector uses the glucocorticoid-inducible promoter of 
die mouse mammary tumour virus long terminal repeat to drive expression of the 
cloned gene. 

Useftil yeast plasmid vectors are pRS403--406 and pRS41 3-416 and are generally 
available from Stratagene Cloning Systems, La JoUa, CA 92037, USA. Plasmids 
pRS403, pRS404, pRS405 and pRS406 are Yeast Integrating plasmids (Yips) and 
incorporate the yeast selectable markers HIS3, TRPl , LEU2 and URA3. Plasmids 
pRS413-416 are Yeast Centromere plasmids (YCps). 

The present invention also relates to a host cell transformed with a polynucleotide 
vector constmct of the present invention. The host cell can be ei&er prokaryotic or 
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eukaryotic. Bacterial cells are preferred prokaryotic host cells and typically are a 
strain of E. coli such as, for example, the E. coli strains DH5 available from 
Bethesda Research Laboratories Inc., Bethesda, MD, USA, and RRl available 
from the American Type Culture Collection (ATCC) of Rockville, MD, USA (No 
ATCC 31343). Preferred eukaryotic host cells include yeast, insect and mam- 
malian cells, preferably vertebrate cells such as those from a mouse, rat, monkey 
or human fibroblastic cell line. Yeast host cells include YPH499, YPH500 and 
YPHSOl which are generally available from Stratagene Cloning Systems, La 
JoUa, CA 92037, USA. Preferred mammalian host cells include Chinese hamster 
ovary (CHO) cells available from the ATCC as CCL6 1 , NIH Swiss mouse embryo 
cell&NIH/3T3 available from the ATCC as CRL 1658, and monkey kidney^e- 
rived COS-1 cells available fix)m the ATCC as CRL 16^0. Preferred insect cells 
are S© cella which can>e transfected with baculovirus expression vectors. 

Transformation of appropriate cell hosts with a DNA construct of the present in- 
vention is accomplished by well known methods that typically depend on the type 
of vector used With regard to transformation of prokaryotic host cells, see, for 
example, Cohen et al{ 1 972) Proc, Natl Acad. ScL USA 69, 2 1 1 0 and Sambrook et 
a/(1989) Molecular Cloning, A Laboratory Manual, Cold Spring Harbor Labora- 
tory, Cold Spring Harbor, NY, Transformation of yeast cells is described in Sher- 
man et a/(1986) Methods In Yeast Genetics, A Laboratory Manual, Cold Spring 
Harbor, NY The method of Beggs (1978) Nature 275, 104-109 is also useful. 
With regard to vertebrate cells, reag^ts useful in transfecting such cells, for 
example calcium phosphate and DEAB-ndextran or liposome fonnulationis, ^e 
available from Stratagene Cloning Systems, or Life Technologies Inc., Gaitfaers- 
buig, MD 20877, USA. 

Electroporation is also useful for transforming and/or transfecting cells and is well 
known in the art for transforming yeast cell, bacterial cells, insect cells and verte- 
brate cells. 

For example, many bacterial species may be transformed by the methods de- 
scribed in Luchansky et al( 1 988) MoL Microbiol. 2, 637—646 incorporated herein 
by reference. The greatest number of transformants is consistently recovered fol- 
lowing electroporation of the DNA— cell mixture suspended in 2.5X PEB using 
6250V per cm at 25:FD. 

Methods for transformation of yeast by electroporation are disclosed in Becker & 
Guarente (1990) Methods EnzymoL 194, 182. 
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Successfully transformed cells, ie cells that contain a DNA construct of the present 
invention, can be identified by well known techniques. For example, cells result- 
ing fix)m Ae introduction of an expression construct of the present invention can 
be grown to produce the polypeptide of the invention. Cells can be harvested and 
lysed and their DNA content examined for the presence of the DNA using a 
method such as that described by Southern ( 1 975) J. MoL BioL 98, 503 or Berent et 
a/(l 985) Biotech. 3, 208. Alternatively, the presence of the protein in the supernat- 
ant can be detected using antibodies as described below. 

In addition to directly assaying for the presence of recombinant DNA, successful 
transformation can be confirmed by well known immimological methods when 
ttie recombinant DNA is capable of directing the expression of the protein. For 
example, cells successfully transformed with an expression vector produce pro- 
teins displa5dng appropriate antigenicity. Samples of cells suspected of being 
traiisformed are harvested and assayed for the protein using suitable antibodies. 

Thus, in addition to the transformed host cells themselves, the present invention 
also contemplates a culture of those cells, preferably a monoclonal (clonally 
homogeneous) culture, or a culture derived from a monoclonal culture, in a nutri- 
ent mediunou 

A further aspect of the invention provides a method of making the polypeptide of 

IffiTeinveifio^^^^ 

variant, fiagment or derivative, as discussed above) the method comprising cultur- 
ing a host cell comprising a recombinant poljoiucleotide or a leplicable vector 
wiuch encodes said polypeptide, and isolating said polypeptide (or variant, deriva- 
tiye, fragment or fusion or a fusion of a variant, fiagment or derivative) from said 
host cell. Methods of cultivating host cells and isolating recombinant proteins are 
well known in the art 

The invention also includes a polypeptide, or a variant, fragment, derivative or 
fusion thereof, or fusion of a said variant or fragment or derivative obtainable by 
the above method of the invention. 

A still further aspect of the invention provides an antibody reactive towards a poly- 
peptide of the invention or a fi^agment thereof, for example a processed poly- 
peptide of the invention, for exant^le an antibody reactive towards a polypeptide 
consisting of the amino acid sequence LHAL or GPIPIRRH. It is particularly use- 
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ful if the antibodies recognise and bind to an epitope within the amino acid se- 
quences LHAL and GPIPIRRH, 

Antibodies reactive towards the said poljpeptide of the invention may be made by 
methods well known in the art. In particular, the antibodies may be polyclonal or 
monoclonal. 

Suitable monoclonal antibodies which are reactive towards the said polypeptide 
may be prepared by known techniques, for example those disclosed in ^^onoclo- 
nal Antibodies: A manual of techniques" H Zola (CRC Press, 1988) and in 
'Monoclonal Hybridoma Antibodies: Techniques and Applicatiotis", SGR Hur- 
rell (GRC Press, 1982), ' 

In a preferred embodiment the antibody is raised using any suitable peptide se- 
quence obtainable from the given amino acid sequence of human NESP55, It is 
preferred if polyclonal antip^tide antibodies are made. Suitable peptides obtain- 
able from human NESP5 5 include LHAL (corresponding to residues 1 72 to 1 75 of 
NESP55 and GPIPIRRH (corresponding to residues 247 to 254 of human 
NESP55). In a preferred embodiment of the invention, an antibody of the inven- 
tion is capable of preventing or disrupting the interaction between a polypeptide of 
the invention or a fragment thereof, for example a fragment comprising the amino 
acid sequence LHAL or GPIPIRRH and an interacting polypeptide, for example 
an intei^u^g polypeptide id^ by Ae me^ 

below. Such antibodies are believed to be useftil in medicine, for example in treat- 
ing obesity. 

It will be appreciated that other antibody^ike molecules may be useful in the prac- 
tice of the invention including, for exanq)le, antibody fragments or derivatives 
which retain their antigen-binding sites, syntiietic antibody^ike molecules such 
as single-chain Fv fragments (ScFv) and domain antibodies (dAbs), and other 
molecules with antibody^ike antigen binding motifs. Such antibody-4ike mol- 
ecules are included by the term antibody as used herein. 

The invention also provides an antibody directed against the peptide sequence 
GAIPIRRH for use in medicine; the use of such an antibody in the manufacture of 
a medicament for treating obesity, and a method of treating obesity using such an 
antibody. Antibodies which recognise the peptide GAIPIRRH are described in 
Lovisetti— Scamihom etdl{\ 999) Brain Res. 829, 99-1 06, but they have not been 
used to treat obesity. 



wo 01/07617 



PCT/EPOO/06921 



It will be appreciated that peptidomimetic compounds may also be usefid in the 
practice of the invention. Thus, by ''polypeptide" or "peptide" we include not only 
molecules in which amino acid residues are joined by peptide (— CO-NH— ) link- 
ages but also molecules in which the peptide bond is reversed. Such retro-inverse 
peptidomimetics may be made using methods known in the art, for example such 
as those described in MJziPre et al {1991) J. Immunol 159, 3230-3237, incorpo- 
rated herein by reference. This approach involves making pseudopeptides con- 
taining changes involving the backbone, and not the orientation of side chains. 
MJziPre et al (1997) show fliat, at least for MHC class II and T helper cell 
responses, these pseudopeptides are usefuL Retro-wverse peptides, which con- 
tain NH-CO bonds instead of CO-^tft p^tide bonds, arermiich more resistant to 
proteolysis. 

- ' ' " . ■ •. ^ 

Similarly, the peptide bond may be dispensed with altogether provided that an ap- 
propriate linker moiety which retains the spiacing between the CI atoms of the 
amino acid residues is used; it is particularly preferred if the linker moiety has sub- 
stantially the same charge distribution and substantially the same planarity as a 
peptide bond. 

It will be appreciated that the peptide may convenientiy be blocked at its N- or 
G-terminus so as to help reduce susceptibility to exoproteolytic digestion. 

Thus, it will be appreciated that the processed polypeptide, for example which 
comprised amino acid sequence LEiAL may be a peptidomimetic comi>ound[, 
as described above. It will be appreciated that the term "polypeptide derivable 
fix>m" includes the meaning of a peptidomimetic compound corresponding to a 
polypeptide with an amino acid sequence derived fix>m the amino acid sequence of 
the said polypeptide. 

A further aq>ect of the invention provides human NESP5S for use in medicine. By 
human NESP5S is included a polypeptide of the invention and human NESP55 as 
described herein and in Hayward etal (1999) and a variant, fragment, derivative or 
fusion or a fusion of a variant, fragment or derivative any thereof. Preferences for 
the said variant, fragment, derivative or fusion or a fusion of a variant, fragment or 
derivative are as indicated above. Thus, an embodiment of this aspect of the inven- 
tion provides a processed polypeptide of the invention for use in medicine. A 
further embodiment provides a polypeptide consisting of the amino acid sequence 
LHAL or GPIPIRRH, or containing the amino acid sequence LHAL or GPI- 
PIRRH and flanking sequences as defined above, for use in medicine. 
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A further aspect of the invention provides a nucleic acid encoding, or complemen- 
tary to a nucleic acid encoding, hvmian NESP55 or a fragment thereof for use in 
medicine. By a nucleic acid encoding human NESP55 is included the nucleic acid 
encoding human NESP55 described in Hayward et al (1998). 

NESP55 or a variant, fragment, derivative or frision thereof, or a fusion of a vari- 
ant, fragment or derivative, and peptides containing the amino acid sequences 
LHAL and GPIPIRRH and flanking sequences as defined above are believed to be 
especially usefril in treating obesity. While not being bound by any theory as to 
why this may be so, we believe that it is due to the involvement of peptides derived 
from^IESP55 in the serotonergic system. Furthermore, as will become clear from 
the Examples, we have surprisingly shown that NESP55 has a significantly in- 
creased level of expression in obese people compared to people with normal 
weight Thus, a further aspect of the invention provides a method of treating or pre- 
venting obesity in a patient, the method comprising administering to the patient an 
effective amount of NESP55 as defined above/ 

A fiirther aspect of the invention provides the \ise ofNESP55 in the manufacture of 
a medicament for the treatment of obesity. By "NESPSS*^ in the context of the 
method of treatment and in this aspect of tiie invention is included human, bovine 
and mouse NESP55 and a variant, fragment, derivative or fusion, or a fusion of a 
variant, fragment or derivative of any thereof.. Preferences for the said variant, 
fi^gment, derivative or fusion or a fusion of a variant, Augment or derivative are 
equivsdent to those indicated above in relation to human NESPS5 witii the sub^ 
stitution of a reference to bovine or mouse NESP55 for a reference to human 
NESP55 where appropriate. By human NESP55 is included a polypeptide of the 
invention and human NESPSS as described in Hayward et al (1998). By mouse 
and bovine NESPSS are included the mouse and bovine NESPSS sequences re- 
ported in Hayward etal(\ 998). In relation to the treatment and prevention aspects 
of the invention, NESPSS also includes the processed polypq>tides as described 
above, and the LHAL-containing, and GPIPIRRH-containing peptides as de- 
scribed above. 

It is preferred that the patient is a himian patient. It is fiirther preferred that when 
the patient is a human patient the NESPSS is human NESPSS or a fragment or vari- 
ant or derivative or fusion thereof 

An embodiment of this aspect of the invention provides the use of a processed 
polypeptide of the invention in the manufactmre of a medicament for the treatment 
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of obesity. A fiutfaer embodiment provides the use of a polypeptide consisting of 
the a- mo acid sequence LHAL or LSAL or GPIPIRRH or GAIPIRRH in the 
manufacture of a medicament for the treatment of obesity. Similarly, these pep- 
tides are preferred peptides in the method of treatment or prevention of obesity de- 
scribed above. 

A further aspect of the invention provides a metiiod of identifying a polypeptide 
(interacting polypeptide) that is cs^able of interacting with human NESP55, or a 
polypeptide of the invention, for example a fiagment, as discussed above, for 
example a processed polypeptide of the invention or the LHALr-contaitiing or 
GPDPIRRH-containing polypeptides of the invention,^or that is capable of inter- 
acting with a polypeptide containing the sequence GAIPIPRRH, the method com- 
prising the steps of ( 1 ) exposing the said himian NESP55 or polypeptide of the in- 
vention or fragment, or polypeptide containing the sequence GAIPIPRRH to a test 
composition that may comprise a said interacting polypeptide, (2) detecting an 
interaction between the said human N£!5P5S or polypeptide of the invention or 
fragment or polypeptide containing the sequence GAIPIPRRH and a said interact- 
ing polyp^tide and optionally (3) identifying and/or isolating the said intoacting 
polypeptide* 

Preferably the polypeptide containing the sequence GAIPIRRH consists of tiiat 
sequence. 



The interaction between the human NESP55 or polypeptide of the invention or 
fragment or the GAIPIRKB-containing polypeptide and the interacting poly- 
peptide may be measured by any metiiod of detecting/measuring a protein/protein 
interaction, as discussed further below. Suitable methods include yeast two-4iy- 
biid interactions, co-purification, ELIS A, co-immunoprecipitation methods and 
cellular response assays. Cellular response assays may be carried out in adipo- 
cytes or adipocyte cell lines, or they may be carried out in adrenal cells, cells of the 
CNS (including neuronal and glicol cells), epithelial cells (such as gastic cells. 
The processed polypeptides, such as those containing the sequences LHAL or 
GPIPIRRH or GAIPIRRH are produced primarily in the adrenal gland and from 
neurones. 

A further method of identifying the interacting polypeptide of the invention in- 
cludes expression cloning which makes use of the transfection of cDNAs from a 
cellular source which is believed to encode the interacting polypeptide (such as a 
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receptor) into a suitable cell line (such as a CHO cell line or Hep2 A3 cell line) such 
that at least some of the cell lines express the interacting polypeptide. Cell lines 
expressing the interacting polypeptide are selected based on the ability of a radio- 
labelled human NESP55 or polypeptide of the invention or GAIPIRRH-contain- 
ing peptide to bind to the transfected cell line but not to the non-4ransfected cell 
line. 

The method may be performed in vitro ^ either in intact cells or tissues, with broken 
ceil or tissue preparations or at least partially purified components. Alternatively, 
they may be performed in vivo. The cells tissues or oiganisms in/on which the 
method is perforaied may be transgenic. In particular they may be transgenic for 
human NESP55 or the polypeptide of the invention. 

Preferences for the polypeptide of the invention or frajginent thereof, for example a 
processed polypeptide of the invention are as given above. It is particularly pre- 
ferred that the fragment of the polypeptide of the invention consists of the amino 
acid sequence LHAL or GPIPIRRH or is a LHAL-containing or GPIPIRRH-con- 
taining polypeptide as described above, and that the interacting polypeptide inter- 
acts with these sequences. 

Other metiiods of detecting polypeptide/polypeptide interactions include ultra- 
filtration with ion spray mass spectroscopy/HPLC methods or other physical and 
analytical methods. Fluorescence Energy Resonance Transfer (FRET) methods, 
fOTexampte^^ 

of two fluorescent labelled entities may be measured by measuring the interaction 
of tiie fluorescent labels when in close proximity to each other. 

A further aspect of the invention provides a substantially pure interacting poly- 
peptide identified or identifiable by the method of the invention described above. 
A still further aspect of the invention provides a nucleic acid encoding the interact- 
ing polypeptide of the invention/Methods of identifying the said nucleic acid will 
be well known to those skilled in the art. 

The following methods of isolating a nucleic acid encoding a polypeptide of the 
invention are given for purposes of illustration and are not considered to be ex- 
haustive. 

The polypeptide may be cleaved, for example using trypsin, cyanogen bromide, 
V8 protease formic acid, or another specific cleavage reagent The digest may be 
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chromatographed on a Vydac CI 8 column or subjected to SDS-^AGE to resolve 
the peptides. The N--texmmal sequence of the peptides may then be detennined 
using standard methods. 

The sequences are used to isolate a nucleic acid encoding the peptide sequences 
using standard PGR— based strategies. Degenerate oligonucleotide mixtures, each 
comprising a mixture of all possible sequences encoding a part of the peptide se- 
quences, are designed and used as PGR primers or probes for hybridisation analy- 
sis of PGR products after Southern blotting. mRNA prepared from cells in which 
the polypeptide may be expressed is used as the template for reverse transcriptase, 
to prepare cDNA, which is then used as die template for the PGR reactions. 

Positive PGR fragments are subcloned and used to screen cDNA libraries to iso- 
late a frill length clone for the polypeptide. 

Alternatively, die sequences of initial subcloned PGR fragments may be deter- 
mined, and the sequence may then be extended by known PGR-based techniques 
to obtain a full length sequence. 

Alternatively, the initial PGR sequence may be used to screen electronic databases 
of e^qjressed sequence tags (ESTs) or other known sequences. By this means, re- 
lated sequences may be identified which may be usefril in isolating a fiiU length 
sequence using the two a^proac^ de&Dribed above. 

Sequences are detennined using the Sanger dideoxy method. The encoded amino 
acid sequences may be deduced by routine methods. 

Techniques used are essentially as described in Sambrook et £2/ (1989) Molecular 
cloning, a laboratory manual. Gold Spring Harbor Laboratory Press, Gold Spring 
Harbor, New York. 

Alternatively, antibodies may be raised against the polypeptide. 

The antibodies are used to screen a Xgt 1 1 expression library made from cDNA co- 
pied from mRNA from cells in which die polypeptide may be expressed. 

Positive clones are identified and the insert sequenced by die Sanger method as 
mentioned above. The encoded amino acid sequence may be deduced by routine 
methods. 
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It will be appreciated that it may be desirable to express the polypeptide encoded 
by the isolated nucleic acid in order to determine that the polypeptide has the ex- 
pected properties. 

The interacting polypeptide may be a receptor molecule, for example a receptor 
molecule present in/on the surface of a cell, for example an adipocyte or a nerve 
cell. The receptor molecule may be a transmembrane polypeptide or complex, as 
know to those skilled in the art. 

Less preferably, the interacting polypeptide may be an endoproteolytic processing 
enzyme. It will be appreciated that known endoproteolytic processing enzymes, 
for example PCI, PC2 and furin, mentioned above, are not included. 

A still further aspect of the invention provides an antagonist of the interacting 
polypeptide. For example, the antagonist may be an antibody which binds to the 
interacting polypeptide and blocks the interaction between tiie interacting poly- 
peptide and human NESP55 of the polypeptide of the invention (such as the pro- 
cessed polypeptides or LHAL— or GPIPIRRH-containing polypeptides) or the 
GAIPIRRH-Hjontaining polypeptide. 

A further aspect of the invention thus provides a method of identifying a 
compound capable of disrapting or preventing the interaction between human 
"~NESP55 "oTa pdlypqp forexanaple a 

processed polypeptide of the invention, or a GAIPIRRH-containing polypeptide 
and an interacting polypeptide as defined above wherein the human NESP55 or 
polypeptide of the invention (including a variant, firagment, derivative or fusion or 
a fusion of a variant, fragment or derivative as discussed above), or a GAIPIRRI^ 
containing polypeptide and/or an interacting polypeptide of the invention are ex- 
posed to the said compound and the interaction between the human NESP55 or 
polypeptide of the invention (including a variant, fragment, derivative or fusion or 
a fusion of a variant, fragment or derivative) or a GAIPIRRH-containing poly- 
peptide and an interacting polypeptide of the invention in the presence and ab- 
sence of the compound is measured. 

A further aspect of the invention provides a method of identifying a compoimd ca- 
pable of binding to an interacting polypeptide of the invention wherein the ability 
of the compound to bind to the said interacting polypeptide is measured. The abil- 
ity of the compound to bind to die said interacting polypeptide may be measured 
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by measuring the ability of the compound to disrupt or prevent the interaction 
between human NESP55 or a polyp^tide of the invention, including a fragment, 
as discussed above, for example a processed polypeptide of the invention and an 
interacting polypeptide, using a method as described above. 

The interaction between human NESP55 or a polypeptide of the invention (includ- 
ing a variant, fragment, derivative or frision or a fusion of a variant, fragment or 
derivative as discussed above) or a GAIPIRRH-containing polypeptide and the 
interacting polypeptide and its disnq)tion or prevention may be measured by any 
method of detecting/measuring a protein/protein interactioiL Suitable methods in- 
clude yeast two-hybrid interactioiis, co-purification, ELISA, co-immunopreci- 
pitadon metiK}d^ ^d bandshift assays. Further suitable methods may include 
Scindllation Proximity Assays, as well known to those skilled in the art. 

The methods may be performed in vitrOy eidier in intact cells or tissues, with 
broken cell or tissue preparadons or at least partially purified components. Alter- 
natively, they may be performed in vivo. The cells tissues or organisms in/on 
which the use or methods are performed may be transgenic. In particular they may 
be transgenic for human NESP55 or the polypeptide of the invention or the said 
interacting protein. 

It will be appreciated that screening assays which are capable of high throughput 
operation Examples may include cell based assays 

and protein-protein binding assays. An SPA-based (Scintillation Proximity 
Assay; Amersham International) system may be used. For example, beads com- 
prising scintiUant and an intoacting polypeptide (which temi it will be appre- 
ciated includes a polypeptide ^^ch c^>able of uiteracting with human NESP5 5 or 
a polyp^tide of the invention and is a fiagment of a polypeptide, for example a 
naturally occuring polypeptide, tiiat is also capable of interacting with human 
NESP55 or a polypeptide of the invention) may be prepared. The beads may be 
mixed with a sample comprising, for example, human NESP55 or the polypeptide 
of the invention, for example a polypeptide comprising the sequence GPIPIRRH 
into which a radioactive label has been incoiporated and with the test compound. 
Convenientiy this is done in a 96-well format. The plate is then counted using a 
suitable scintillation coimter, using known parameters for the particxilar radioac- 
tive label in an SPA assay. Only the radioactive label that is in proximity to the 
scintiUant, ie only that boimd to the human NESP55 or polypeptide of the inven- 
tion, for example the polypeptide comprising the sequence GPIPIRRH that is 
bound to the interacting polypeptide anchored on the beads, is detected. Variants 
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of such an assay, for example in which the interacting polypeptide is immobilised 
on the scintillant beads via binding to an antibody or antibody fragment, may also 
be used. It will also be appreciated that the assays may be perforaied using LHAL— 
containing polypeptides and GAIPIRRH-containing polypeptides. 

Without prejudice to the nature of any of the interacting polypeptides of the inven- 
tion, we beUeve that at least some may be receptors which signal via cyclic AMP 
(cAMP), In this case, a preferred assay makes use of a transfected cell which ex- 
presses the interacting polypeptide (receptor) and which contains a reporter gene 
system which contains a cAMP responsive element controlling the expression of 
the reporter gene. A suitable reporter gene is luciferase. The screening system 
may be arranged to look for agonists or antagotiists. 

It will be appreciated that the screening assays of the mvention are useful for ident- 
ifying compounds which may be useful in the treatment of obesity. 

The compound may be a drag-4ike compound or lead compound for the develop- 
nient of a drug-like compound for each of the above methods of identifying a 
compound. It will be appreciated that the said methods may be useful as screening 
assays in the development of pharmaceutical compounds or dmgs, as well known 
to those skilled in the art 

The tOToa^^d^ cpmpound'^is art, and may 

include the meaning of a compound that has characteristics that may make it suit- 
able for use in medicine, for example as the active ingredient in a medicament. 
Thus, for example, a dmg-like compound may be a molecule that may be syn- 
diesised by the techniques of organic chemistiy, less preferably by techniques of 
molecular biology or biochemistiy, and is preferably a small molecule, which may 
be of less than SOOO daltons molecular weight. A dmg-4ike compound may addi- 
tionally exhibit features of selective interaction with a particular protein or pro- 
teins and be bioavailable and/or able to i)enetrate cellular membranes, but it will be 
appreciated that these features are not essential. 

The term ''lead compound" is similarly well known to those skilled in the art, and 
may include the meaning that the compovmd, whilst not itself suitable for use as a 
drug (for example because it is only weakly potent against its intended target, non— 
selective in its action, unstable, difficult to synthesise or has poor bioavailability) 
may provide a starting-^point for the design of other compounds that may have 
more desirable characteristics. 
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It will be appreciated that the compound may be a polypeptide that is capable of 
competing with human NESP55 or the polypeptide of the invention for binding to 
the interacting polypeptide. Thus, it will be appreciated that a screening method as 
described above may be useful in identifying polypeptides that may alsodnteract 
with the interacting polypeptide, for example a receptor molecule. 

It will be understood that it will be desirable to identify compounds that may 
modulate the activity of the polypeptide(s) in vivo. Thus it will be understood that 
reagents and conditions used in the method may be chosen such that the interac- 
tions between the said polypeptide and the interacting polypeptide are substan- 
tially the same as between human NE§PS5 or a fragment thereof and a naturally 
occuring interacting polypeptide in yivo. 

The "drug-like compounds*' and H^ad compounds*' identified in the screening as- 
says of the invention are suitably screened in further screens to determine their po- 
tential usefulness in treating obesity. Additional screens which may be carried out 
include detemuning the effect of the compounds on food intake, body weight and 
thamogenesis. This is typically done in rodents. 

A further aspect of the invention is a kit of parts useful in carrying out a method, for 
example a screening method, of the invention. Such a kit may comprise human 
NESP55 or a polypeptide of the invention, for example a polypq)tide comprising 
nor consisting of the amino acid sequeiice LHALca: GPIPI^ 
polypeptide, for example a receptor molecule. 

A further aspect of the invention providesacompound identified by oridentifiable 
by the screening method of tibe invention. 

It will be appreciated that such a compound may be an inhibitor of the formation or 
stability of a conq)lex of human NESP5S or die polypeptide of tiie invention used 
in tiie screen, for exanq)le a polypeptide conq>rising or consisting of the amino 
acid sequence LHAL or GPIPIRRH with an interacting polypeptide(s), for 
example a receptor, and therefore ultimately a modulator of any activity of that 
complex, for example any signalling activity, for example protein kinase activity. 
The intention of the screen may be to identify compounds that act as modulators, 
for example inhibitors or promoters, preferably inhibitors of the activity of the 
complex, even if the screen makes use of a binding assay rather than an activity 
(for example signalling activity) assay. It will be appreciated that the action of a 
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compound found to bind the interacting polypeptide may be confirmed by per- 
fonning an assay of, for example, protein kinase activity in the presence of the 
compoimd. It will be appreciated that a compound that interacts with an interact- 
ing polypeptide that is a receptor molecule may act as an agonist or antagonist of 
any signalling activity of die said receptor. 

A further aspect of the invention provides a method of dismpting or preventing the 
interaction between human NESP5 5 or a polypeptide of the invention (including a 
variant, fragment, derivative or fusion, or a fusion of a variant, fragment or deriva- 
tive or a fi:agment as discussed above, for example a processed polypq)tide of the 
invention) and an interacting polypeptide, for example a receptor molecule, as de- 
, fined above wherein the said interacting polypeptide dr human NESPS5 or poly- 
peptide of the invention (including a variant, fiagjnent, derivative or fusion, or a 
fusion of a variant, fragment or derivative) is exposed to a compound of the inven- 
tion or an antibocfy of the invention. 

Preferences for the human NESP55, polypeptide of the invention and the interact- 
ing polypeptide are as set out in relation to earlier aspects of die invention. It is 
particularly preferred that the human NESP55, polypeptide of the invention or 
fragment thereof or interacting polypeptide is a naturally occuring polypeptide or 
naturally occuring allelic variants tiiereof 

A furtfieFaspect^^ in\^tioirpfovides^^ compound identifiable b^orTde^ 
in a screening assay of the invention for use in medicine. A still fiirdier aspect of 
the invention provides an interacting polypqitide of the invention or nucleic acid 
of ttie invention or antibody of die invention for use in medicine. A still further 
aspect of the invention provides a pharmaceutical composition comprising human 
NESP55, a polypeptide, interacting polypeptide, nucleic acid (or nucleic acid en- 
coding or complementary to a nucleic acid encoding human NESP55), antibody 
and/or compound of the invention and a phannaceutically acceptable carrier. A 
suitable carrier will be known to those skilled in the art. 

The polypeptide, interacting polypeptide, polynucleotide, compoimd, antibody, 
composition or medicament of the invention may be administered in any suitable 
way, usually parenterally, for example intravenously, intraperitoneally or intrave- 
sically, in standard sterile, non-pyrogenic formulations of diluents and carriers. 
The polypeptide, interacting polypeptide, polynucleotide, compound, antibody, 
composition or medicament of the invention may also be administered in a loca- 
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Used manner, for example by injection. In general, the compound is administered 
orally, although this is not preferred for peptides. The compound may be adminis- 
tered intravenously, parenterally or subcutaneously, although these are not pre- 
ferred. 

Without being bound by any theory concerning flie human receptor for the LHAL 
peptide, and without prejudice to any other aspect of the invention, we believe that 
the LHAL peptide interacts with human 5HTib/id receptors. The molecular clon- 
ing and characterization of these receptors is described in Hamblin & Metcalf 

(4991) Mol. PharmacoL 40, 143—148 "Primary structure and functional charac- 

* 

terization of a human S-ilT i rr-type serotonin receptor*'; Levy etal(l 992) J. BioL 
Chem. 267, 7553-7662 'Molecular cloning of a human-serotonin receptor (SI 2) 
witii a pharmacological profile resembling that of the 5-HT id subtype"; and Jin et 
al (1992) J. Biol Chem. 267, 5735-5738 ''Characterization of the human 
5-^ydroxytiyptanune IB receptor''; all of which are incorporated by reference. 
Using conventional techniques, transfected cells expressing these receptors can be 
made, and antibodies directed at the re^ceptors can be made in the same way as de- 
scribed above with reference to the interacting polypeptides of the invention. 

Thus, a fiirtlier aspect of the invention provides a method of identifying a 
compound capable of disnq)ting or preventing the interaction between &e peptide 
LHAL and hxmian 5HTiB/iD receptor wherein the LHALrK:ontaimng polyp^tide 
-and/or- tiie said receptor-are exposed to-tfae~said"Conq>oimd-and-the interaction 
between the polypeptide and the receptor is measured in the presence and absrace 
of tiie compound. 

A still further aspect provides a method of identifying a compound capable of 
binding to human 5HTib/id receptor wherein tiie ability of the compound to bind 
to the said interacting polypeptide is measured. 

These methods can be carried out using equivalent methods as those described 
above with reference to the interacting polypeptides of the invention, and the poly- 
peptides of the invention. 

A compound identified by or identifiable by the above two methods is part of the 
invention as is its use in treating or preventing obesity. Similarly, the invention 
includes the treatment or prevention of obesity using antagonists of human 
5— HTiB/iD receptor, such as antibodies reactive with the receptor, and treatment 
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or prevention of obesity using antibodies reactive with the peptide sequence 
LHAL. 

The nucleic acid of the invention may be an antisense oligonucleotide, for 
example an antisense oligonucleotide directed against a nucleic acid encoding a 
polypeptide of the invention such as the human NESP55 gene or an interacting 
polypeptide of the invention which may be a receptor molecule. Antisense oli- 
gonucleotides are single-stranded nucleic acid, which can specifically bind to a 
complementary nucleic acid sequence. By binding to the appropriate target se- 
quence, an RNA-4tNA, a DNA-J3NA, or RNA-43NA duplex is fomieA These 
nucleic acids are often termed "antiseiisife" because they are complement!^ to the 
sense or coding strand of the gene. Recently^ formation of a triple helix has proven 
possible where the oligonucleotide is bound to a DNA duplex. It was foimd that 
oligonucleotides could recognise sequences in the major groove of the DNA^ 
double helix. A triple helix was formed thereby. This suggests tiiat it is possible to 
synthesise a sequence-specific molecules which specifically bind double- 
stranded DNA via recognition of major groove hydrogen binding sites. 

By binding to the target nucleic acid, the above oligonucleotides can inhibit the 
function of the taiget nucleic acid. This could, for example, be a result of blocking 
the transcription, processing, poly(A)addition, replication, translation, or promot- 
ing inhibitory mechanisms of the cells, such as promoting RNA degradations. 



Antisense oligonucleotides are prepared in the laboratory and then introduced into 
cells, for example by microinjection or uptake fi-om the cell culture medium into 
tiiie cells, or they are e?q>ressed in cells after transfection with plasmids or retrovi- 
ruses or other vectors carrying an antisense gene. Antisense oligonucleotides 
were first discovered to inhibit viral replication or expression in cell culture for 
Rous sarconaa virus, vesicular stomatitis virus, herpes simplex virus type 1, simian 
virus and influenza virus. Since then, inhibition of mRNA translation by antisense 
oligonucleotides has been studied extensively in cell— free systems including rab- 
bit reticulocyte lysates and wheat germ extracts. Inhibition of viral function by 
antisense oligonucleotides has been demonstrated in vitro using oligonucleotides 
which were complementary to the AIDS HIV retrovirus RNA (Goodchild, J. 1988 
''Inhibition of Human Immimodeficiency Vims Replication by Antisense Oligo- 
deoxynucleotides'*, Proc, Natl Acad. Set (USA) 85(15), 5507-11), The Good- 
child study showed that oligonucleotides that were most effective were comple- 
mentary to the poly(A) signal; also efiective were those targeted at the 5N end of 
the RNA, particularly the cap and 5N untranslated region, next to the primer bind- 
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ing site and at the primer binding site. The cap, 5N untranslated region, and 
poly(A) signal lie within the sequence repeated at the ends of retrovirus RNA (R 
region) and the oligonucleotides complementary to these may bind twice to the 
RNA. 

Oligonucleotides are subject to being degraded or inactivated by cellular endoge- 
nous nucleases. To counter this problem, it is possible to use modified oligonu- 
cleotides, eg having altered intemucleotide linkages, in which the naturally occur- 
ring phosphodiester linkages have been replaced with another linkage. For 
example, Agrawal^r a/ (1988) Pwc. Natl Acad. Sci. USA 85, 7079-7083 showed 
increased inhibition in tissue culture of HIV— 1 using.oligonucleotide phospho- 
lamidates and phosphorothioates. Smn et al (1988) /Voc. Nath Acad. Set USA 
85, 7448^-7451 demonstrated increased inhibition of HrV—l using oligonucleo- 
tide methylphosphonates, Agrawal et al (1989) Proc. Natl Acad. Set USA 86, 
7790-7794 showed inhibition of HIV—l replication in both early-4nfected and 
chronically infected cell cultures, using nucleotide sequence-specific oligonu- 
cleotide phosphorothioates. Leither et al (1990) Proc. Natl Acad. Set USA 87, 
3430-3434 report inhibition in tissue culture of influenza virus replication by oli- 
gonucleotide phosphorothioates. 

Oligonucleotides having artificial linkages have been shown to be resistant to 
degradation in vivo. For example, Shaw et al (1991) ia Nucleic Acids Res. 19, 
747-750, report that otherwise umnodified oUgcmucleo^des become more 
resistant to nucleases in vivo when tiiey are blocked at die 3 * end by certain C£q>ping 
structures and that uncapped oligonucleotide phosphoro^oates are not degraded 
in vivo. 

A detailed description of tiie H-phosphonate approach to synthesising oligonu- 
cleoside phosphorothioates is provided in Agrawal and Tang (1990) Tetrahedrvn 
Letters 31, 7541—7544, the teachings of which are hereby incorporated herein by 
reference. Syntheses of oligonucleoside methylphosphonates, phosphorodi- 
thioates, phosphoramidates, phosphate esters, bridged phosphorainidates and 
bridge phosphorothioates are known in tiie art. See, for example, Agrawal and 
Goodchild(1987) Tetrahedron Letters 2S, 3539; Nielsen era/ (1988) Tetrahedron 
Letters 29, 291 1 ; Jager et al (1988) Biochemistry 27, 7237; Uznanski et a/ (1987) 
Tetrahedron Letters 28, 3401; Bannwarth (1988) Helv. Chim. Acta. 71, 1517; 
Crosstick and WyX^ (1989) Tetrahedron Letters 30, 4693; Agrawal et al (1990) 
Proc. Natl. Acad. Set USA 87, 1401-1405, the teachings of which are incorpo- 
rated herein by reference. Other mediods for syndiesis or production also are poss- 
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ible. In a preferred embodiment the oligonucleotide is a deoxyribonucleic acid 
(DNA), although ribonucleic acid (RNA) sequences may also be syndiesised and 
applied. 

The oligonucleotides useful in the invention preferably are designed to resist 
degradation by endogenous nucleolytic enzymes. In vivo degradation of oligonu- 
cleotides produces oligonucleotide breakdown products of reduced length. Such 
breakdown products are more likely to engage in non-specific hybridization and 
are less likely to be effective, relative to their fiilMengih countexparts. Thus, it is 
desirable to use oligonucleotides that are resistant to degradation in the bocfy and 
which are able to reac^ tiie targeted ceUs. The present oligonucleotides can be ren- 
dered more resistant to degradation in vivo by substituting one or more internal 
artificial iritemucleotide linkages for the native phosphodiester linkages, for 
example, by replacing phosphate with sulphur in the linkage. Examples'of link- 
ages that may be used include phosphorotbioates, methylphosphonates, sulphone, 
sulphate, ketyl, phosphorodithioates, various phosphoramidateis, phosphate 
esters, bridged phosphorothioates and bridged phosphoramidates. Such examples 
are illustrative, rather than limiting, since other intemucleotide linkages are 
known in the art. See, for example, Cohen, (1990) Trends in Biotechnology. The 
synthesis of oligonucleotides having one or more of these linkages substituted for 
the phosphodiester intanucleotide linkages is well known in die art, including 
synthetic pathways for producing oligonucleotides having mixed intemucleotide 
linkages. 



Oligonucleotides can be made resistant to extension by endogenous enzymes by 
''capping" or incorporating similar groups on tiie 5* or 3' terminal nucleotides. A 
reagent for cai>ping is commercially available as Amino-^ink firom Applied 
BioSystems Inc, Foster City, CA. Methods for capping are described, for 
example, by Shaw etal {199\) Nucleic Acids Res. 19, 747-750 and Agrawal et al 
(1991) Proc. NatL Acad, Set USA 88(17), 7595-7599, the teachings of which are 
hereby incorporated herein by reference. 

A fiirtiier method of making oligonucleotides resistant to nuclease attack is for 
them to be "self^tabilised'' as described by Tang et al (1993) Nucl Acids Res. 21 , 
2729-2735 incorporated herein by reference. Self-stabilised oligonucleotides 
have haiipin loop stmctures at their 3' ends, and show iacreased resistance to 
degradation by snake venom phosphodiesterase, DNA polymerase I and fetal bov* 
ine serum. The self-stabilised region of the oligonucleotide does not interfere in 
hybridization with complementary nucleic acids, and pharmacokinetic and stabil- 
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ity studies in mice have shown increased in vivo persistence of self-stabilised oli- 
gonucleotides with respect to their linear counterparts. 

It will be appreciated that antisense agents also include larger molecules which 
bind to said interacting polypeptide mRNA or genes and substantially prevent ex- 
pression of said interacting polypeptide mRNA or genes and substantially prevent 
expression of said interacting polypeptide. Thus, expression of an antisense mol- 
ecule which is substantially complementary to said interacting polypeptide is en- 
visaged as part of the invention. 

The said larger molecules rtiay be expressed from any suitable genetic construct as 
is described belovv and delivered to the patient. Typically, the genetic constmct 
which expresses the antisense molecule comprises at least a portion of the said in- 
teracting polypeptide coding sequence oper^tively linked to a promoter which can 
express the antisense molecule in the cell. Suitable promoters will be known to 
those skilled in the art, and may include promoters for ubiquitously expressed, for 
example housekeeping genes or for tissue-q>ecific genes, depending jxpon v^ere 
it is desired to e7q>ress the antisense molecule! 

Although the genetic construct can be DNA or RNA it is preferred if it is DNA. 
Preferably, the genetic construct is adapted for delivery to a human cell. 



Means and methods of introducing a genetic construct into a cell in an animal body 
are known in the art. For example, the constmcts of the invention may be intro- 
duced into the cells by any convenient me&od, for exaixq>le methods involving re- 
troviruses, so that the construct is inserted into the genome of the (dividing) cell. 

Other methods involve simple delivery of the construct into the cell for expression 
therein either for a limited time or, following integration into die genome, for a 
longer time. An example of the latter approach includes liposomes (Nassander et 
al (1992) Cancer Res. 52, 646^53). Other methods of delivery include adenovi- 
ruses carrying external DNA via an antibody-^olylysine bridge (see Curiel Prog. 
Med. Virol 40, 1--1 8) and transferrin-^olycation conjugates as carriers (Wagner 
al (1990) Proc. Natl Acad. Sci. USA 87, 3410-3414). The DNA may also be de- 
livered by adenovirus wherein it is present within the adenovirus particle. It will 
be appreciated that "naked DNA" and DNA complexed with cationic and neutral 
lipids may also be useful in introducing the DNA of the invention into cells of the 
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patient to be treated Non-viral approaches to gene ther^y are described in 
Ledley (1995) Human Gene Therapy 6, 1 129—1 144. Alternative targeted delivery 
systems are also known such as the modified adenovirus system described in WO 
94/10323 wherein, typically, the DNA is carried within the adenovirus, or ade- 
novirus-4ike, particle. Michael et al (1995) Gene Therapy 2. 660-668 describes 
modification of adenovirus to add a cell-selective moiety into a fibre protein. Mu- 
tant adenoviruses which replicate selectively in p53-deficient human tumour 
cells, such as those described in Bischoff al (1996) Science 274, 373-376 are 
also usefiil for delivering the genetic construct of the invention to a ceU. Thus, it 
will be appreciated that a furtiier aspect of the invention provides a virus or virus- 
like particle comprising a genetic construct of Ae invention. Other suitable vi- 
ruses or \arus-4ike particles include HSV, AAV, vaccinia and parvovirus. 

A ribozyme capable of cleaving the interacting polypeptide RNA or DNA may be 
used. A gene expressing said ribozyme may be administered in substantially the 
same and using substantially the same vehicles as for the antisense molecules. Ri- 
bozymes which may be encoded in the genomes of the viruses or virus-like par- 
ticles herein disclosed are described in Cech and Herschlag ''Site-specific cleav- 
age of single stranded DNA" US 5,180,818; Altman et al "Cleavage of targeted 
RNA by RNAse P" US 5,168,053, Cantin et al "Ribozyme cleavage of HTV-l 
RNA" US 5,149,796; Cech et al "RNA ribozyme restriction endoribonucleases 
and methods", US 5,116,742; Been et al "RNA ribozyme polymerases, dephos- 
phorylases, restriction endonucleases and methods", US 5,093,246; and Been era/ 
"RNA ribozyme polymerases, dephosphorylases, restriction endoribonucleases 
and methods; cleaves single-stranded RNA at specific site by transesterification", 
US 4,987,071, all incorporated herein by reference. 

The genetic constructs of the invention can be prqjared using methods well known 
in the art. 

A fiuther aspect of the invention provides a method of determining whe&er an 
individual is likely to become or remain obese or become more obese comprising 
determining the level of NESP55 or a fi^gment derived or derivable fi"omNESP55 
or determining the level of a messenger RNA encoding NESP55 in a tissue 
sample, or determining the level of activity of NESP55 in a tissue sample, for 
example a body fluid, and determining that the said level differs fi^om a level found 
in an individual that is not obese and/or notexpected to become obese. The patient 
may be a patient that is obese (as judged, for example, by Body Mass Index) or a 
patient at risk of obesity, for example as judged on the basis of a family history of 
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obesity or on a history or family history of conditions associated with or leading to 
obesity. 

The level of expression ofNESP55 itself can usefully be measured or the level of a 
fragment which is derived, or is derivable, from NESP55 may usefully be 
measured* 

The invention also provides kits of parts for carrying out the method of determin- 
ing whether an individual is likely to become or ranain obese or become more 
obese. The kit of parts contains any means for determining the level ofNESP55 or 
a fragment derived or derivable from NpSP55 or any means for determining the 
l^veLof ^ messenger RNA encoding NESP55- Thus, Ae kit may contain anti- 
bodies directed against NESP55 or a fragment ihereof and other coinponents re- 
quired to carry out, for exaiiiple, an ELISA test. The kit may contain oligonucleo- 
tide primers and other suitable reagents for carrying out a PCR-based analysis of 
NESP55 mRNA. 

A further aspect of the invention provides the use of an inhibitor of a polypeptide 
that is capable of cleaving NESP55 in the manufacture of a medicament for treat- 
ing obesity. It is preferred that the said polyp^tide is not capable of cleaving 
chromogranin A or chromogranin B and that the said inhibitor is not enable of 
inhibiting die cleavage of chromogranin A or chromogranin B. 

A furtfa^ aspect of the invention provides a compound capable of altering die ex- 
pression of NESPS5. The said compound may be an antisense moleciile or ribo- 
zyme directed (for example, capable of binding to a polynucleotide encoding 
NESPSS under physiological conditions) against a polynucleotide encoding 
NESPSS. A fiirdier aspect of die invention provides a compound capable of alter- 
^ ihg die e^qiression of NESPSS for use in medicine. A still further aspect of the in- 
vention provides the use of a compound capable of altering the expression of 
NESPSS in the manufacture of a medicament for die treatment of obesity. 

The invention will now be described in detail with reference to the following 
Examples and Figures wherein: 

Figure 1 shows a comparison between the human NESPSS amino acid sequence 
(hNESPSS) and rat NESPSS (rNESPSS) 

Figure 2 shows the nucleotide sequence of a cDNA encoding human NESPSS. 
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Example 1: An increased level of NESP55 expression is associated with obes- 
ity 

We have undertaken a sophisticated search of a database which has identified a 
gene, hNESP55, which has a significantly increased level of expression in obese 
donors when compared to donors of normal weight. The procedure used a data- 
base of sequence and expression data to compare (a) the expression levels of genes 
in tissues from donors witii a desirable weight, ie with a Body Mass Index (BMI) 
value between 20 and 25 with (b) the expression levels of genes in tissues fi-om 
obese and severely obese donors, ie with a BMI value greater than 30. 

The database used, is ja "database of huiQan gene sequence and e^qsression for 
hundreds of difTerent tissues and cells in both normal and diseased systems and at 
different developmental stages (eg embryonic, fetal and adult tissue). It currently 
contains over 3 million ESTs. The ESTs are cDNA clones derived firam mRNA 
from various tissues and from various donors. Libraries of ESTs have been estab- 
lished in respect of different donors. 

The BMI for the various donors has been calculated and the pooled tissues from 
obese and severely obese donors was subsequently compared with pooled tissues 
from desirable weight donors. The database which contained 267 donors with 
both height and weight entries, who had contributed 302 tissue libraries. 



A cmde search was imdertaken to determine what genes are expressed in tissues 
fixMn severely obese donors and not in tissues fix)m desirable weight donors. A 
more rigorous search compared the libraries from donors with desirable weights 
(BMI between 20 and 25) with libraries from obese and severely obese donors 
(BMI greater than 30) to determine which genes were over/imder— expressed. 

An EST was identified using these procedures which has homology to the bovine 
gene coding for neuroendocrine secretory protein 55 (NESP55). 

An EST clone was obtained and sequenced. The predicted amino acid sequence is 
shown in Figure 1 compared to the bovine NESP55 sequence, and the nucleotide 
sequence is shown in Figure 2, The cDNA appears to be fulWength and has an 
open reading frame of 244 amino acids. The overall homology between the human 
and bovine sequences is 84%, strongly suggesting that it is a frmctional homo- 
logue of NESP55. We have called the protein human NESP55 (hNESP55). The 
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neuropeptide 5-HT Moduline sequence, CTcoded by residues 170 to 180 of the 
full sequence, contains one amino acid change: instead of the sequence LSAL, die 
sequence has LHAL: compare QRLHALKLRSP (residues 170 to 180 of 
hNESP55; Figure 1) and ERLSALRLRSP (bovine NESP55). 

A second bioactive peptide has been identified witiiin the amino acid sequence of 
the bovine NESP55 protein. The peptide GAIPIRRH has been found in chromaf- 
fin granules but no function has been assigned. The equivalent peptide from 
hNESP55 has the amino acid sequence GPIPDRRH. The amino acids flanking 
both bioactive peptides are different. Since these are the sites of endoproteolytic 
cleavage necessary to produce the peptides, this may represent species variability 
in recognition sequences; however, conservatibn bf charge may be sufficient. 

In contrast to the situation in the bovine situation, hNESP55 could only be detected 
in libraries extracted from the endocrine system. Expression could not be detected 
in any other tissue category, notably including nervous and cardiovascular. The 
EST clone identified from the library was from an adrenal tumour library iisolated 
from a 57 year old female with a BMI of 36. 

Example 2: Screening assay 

_ A„CHO„cell is transfected with the hxi^^ receptor for the peptide GEIPIRRH 
which is expressed on the cell surfece. Radiolabelled GPIPBRRH is incubated 
with the transfected cell and binds to the receptor. Compoimds are tested to deter- 
mine whether they specifically displace the GPIPIRRH peptide from the cell 
surface. Compounds that do are selected for further study. 
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